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suMMARY

A systematicinvestigationof thesoundfieldofa l,OOO-pound-
thrustsolid-fuelrocketwasmadeanddataon twootherrockets,of
900and5,500poundsof thrust,wereobtainedata fewisolatedfield
points.Frequencyspectrafortherange20to 15,000cpsindicatethat
thenoiseofeachrocketisrandom,witha spectrumenvelopewhichpeaks
inthelowerpartof theaudiblerange.Angulardistributionsofoverall
soundpressureinthefrequencyr~e O to40 cpsand20 to20,000cps
indicatea similarityto subsonicjet-noisedistribution,withthemaxi-
mumpressuresoccurringatanglesof30°to45°,respective~,offthe
jetaxisdownstreamof thenozzle.

INTRODUCTION

Thenoisefromvaxioust~es of jetshasforthepastseveralyears
attracteda greatdealofattention.Thebulkoftheresearcheffortin
thisfieldhasbeendirectedtowardthenoisefromsubsonicandchoked
convergingnozzles,sinceinstallationsutilizingsuchnozzles,namely,
theturbojetengines,areencounteredmostfrequently.References1 to
4 aretypicaloftheworkwhichhasbeendonealongtheselines.However,
exceptforthediscussioninreference5 endthebriefmentioninrefer-
ences6 and7, thenoisefromrocketengines,utilizingsupersonic
nozzles,hasnotbeenreported.

Itisbecomingapparentthatdueconsiderationmustbe givento the
noisefromrocketssincetheirapplicationsareincreasinginnumber.
Atpresent,rocketnoiseisparticularlya probleminassisted-take-off
operationsofairplanesandinmissile-launchingoperations.mere are
alsothepotentialproblemsof structuralbuffetingandmalfunctioningof
avionicequipmentinproximityto therocketexhaust.Thepurposeof the
presentreport,therefore,istoprovidesomeinformationas tothe
intensity,spectrum,anddirectivitycharacteristicsofrocketnoise.
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Thedatawereobtainedpartlyfromroutinethrust-standfirings
.

andpartlyfroma seriesoffiringsconcernedonlywithnoiseevaluation.
Fromthedataobtainedfromthelatterfirings,a systematicinvestiga-
tionofthesoundfieldwasmade;intheroutinethrust-standfirings,

?

onlyisolatedmeasurementsof spectrummd..intensitywerepossible.The
dataare.believedtobe ofinterestbothinregardtofundamentalJet-

.-.

noiseresearchandinregardtoevaluation.of specificproblemsofrocket -
operation.An appendixisincludedwhichoutlinestheprocedurefor
adjustingtounitbandwidththenoisespectraobtainedwitha Panoramic
SonicAnalyzer.
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azimuthangle,deg

exitconditions
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APPARATUSANDMETHODS

Configurationstested.- Soundmeasurementsweremadeduringtest-
standfiringofa numberofrocketsof threekinds.Someof thenhvsical
characteristicsof theserockets(hereinafterreferredtoasrocketsA.

..”–

B,and C)a

1=Rocket-
engine

designation

“A

1-Bc

‘egiveninthefollowingtable:

!cABLEI

Numberof
mrust,

Cheniber Exit
rockets pressure, pressure,

fired n lb/sqin.abslb/sqin.abs

6 1,000 l,~o 39.0

1 I ’01 “w I ‘“3
1 5,500 1,092

1.., ,,
19.6

— –.=

Exit IIExitmcitdismeter,M9chveloci~,
in. nuder fps

1.625 3.16 5,340
2.375 3.48 5,700
6.I&O 3*57 6,540

Rocketchsaiberpressure,as giveninthetable,is theaverage
valueexistingbetweenignitionandburnout.A timehistoryof chamber
pressureduringa firingwillordinarilyindicatea graduallychanging
meanvalue,uponwhicharesuperimposedfluctuations,of theorderof
*25lb/sqin.,whicharepresumablyduetoburningirregularitiesin
thepropellant.

Exitpressureisgivenbecauseof itssignificanceindetermining
theflowconditionsat thenozzleexit. Theexitpressure,whichdepends
uponboththediffusergeometryandthecharriberpressure,maybe aboveor
belowatmospheric- thatis,theflowmaybe underexpandedoroverexpanded.
Withthedifferentconditionsofexpansionareassociatedwidelydifferent
flowpatternswhichmightbe expectedto influencethenoisegeneration,
buttheextentoftheeffectsisnotknown.

Propellantgeometryisanotherfactorwhichmaybe significant.m
alltherocketstested,anexternalinhibitorwasemployed;thatis,
burningofthepropellantfrcmitsouterlateralsurfaceinwardwaspro-
hibited.InrocketA, burningprogressedalongtheaxisofthepropel-
lantawayfromthenozzle.ThepropellantofrocketB hada tapered
tubularperforation,or opening,of circularcrosssectionextending
throughthecenter;thus,burningoccurredoverthefulllen@h ofthe
propelledandprogressedrad3allyoutwardfromtheperforation.The
propeJ3.antofrocketC hada full-lengthstar-shapedperforation.

Testconditions.-Thetestsweremadeundertwodifferentsetsof
conditionsat thefieldpointsshowninfigurel(a). Thefiringsof
rocketA weremadewiththerocketsstrappedtoa concretetestbedas
shownintheleft-handpartoffigurel(b).Thetestbedplacedthe
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rocketcenterlineparallel to thegroundandabout1.5feetabove
groundlevelina fieldwhichhadno sizeablesound-reflectingobjects
withinapproximately100yardsoftherocket.ThefiringsofrocketsB
andC weremadewiththerocketsstrappedtotestbedsinsidea test
cellclosedon threesideswithheavyconcretewallsandoverheadwith
a light-weightmetalroof. Theright-handpartoffigurel(b)givesa
schematicplanviewofthistestsiteandindicatesthepositionsofthe
rocketsfortesting.RocketB wasorientedwithitscenterlineparallel
tothegroundandabout1 footaboveit;rocketC wasalsooriented
paralleltothegroundata heightofabout3.5 feet.

“.

.

Measurementsmade.-Figurel(a)illustratesthecoordinatesystem
usedandthefieldpointsatwhichdatawereobtainedforeachrocket.
Overall.sound-pressurereadingsandtaperecordingswereobtainedattwo
pointsinthesoundfieldfromeachfiring.Therecordingswerelater
analyzedtoprovidespectrumanalyses.

Instrumentation.-A schematicdiagramoftheinstrumentationused
isshowninfigure2. Inorderto obtaindataoverthefrequencyrangeO
to20,000cps,eachofthesound-pressuremeasurementsystemswascomposed
oftwoparts:oneput respondingto componentsfrom20 to20,000cps .
andtheothert.crcomponentsfromO to40 cps. TheseareIllustratedin
theleft-handpartoffigure2. Fortherange20to20,000cps,a crystal-
typesoundmeasurementsystemwasusedfordetection.Itsoutputwas ●

observedona vacuum-tubevoltmeterfromwhichoveralllevelswere
obtained.At thesametimetheoverallsignalwasattenuated,monitored,
andrecordedby a taperecorderforlaterfrequencyanalysis.Thefre-
quencyresponseofthetaperecorderlimitedtheupperfrequencycutoff
to15,000cpsandthelowerfrequencycutofftoabout50 cps.

Frequencyanalysesintherange50to 15,000cpswereobtainedby
playbackoftherecordingsintoa PsnoramicSonicAnalyzer,thescreen
ofwhichwasphotographedcontinuouslyduringsome30tracesweepsto
obtaina timeaverage.Thisprocedureprovidedpermanentrecordsfrom
whichspectrumlevelscouldbeobtainedby themethoddiscussedinthe

—

appendix.Overalllevelsfromthetaperecorderwerecheckedagainstthe
directreadingsobtainedfromthevacuum-tubevoltmeterat thetimeof
firing.

FortherangeO to40 cps,anNACAminiatureelectricalpressure
gage(ref.8) andlow-passfilterunitwasusedas themicrophone.After
demodulationofthesignalfromitscarrier,itwaschanneledtoa
rectifier-typevoltmeterforoverallleveldeterminationandtoa pen
recorder.

.-

Frequencyanalysisofoneof thepenrecords(Oto40 cps)wasmade
withthehelpofa crudesystemdesignedto translatethefrequenciesup .
to a rangewherethePanoramicSonicAnalyzercouldbe used. h order

.
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todo this,a segmentoftherecordwasinkedblackon onesideof the
deflectioncurve,placedon a circulardrum,androtatedat a speed
one-hundredtimesthatatwhichtherecordingwasmade. Themoving
paperwasscannedby a finelineof light,whichreflectedfromthe
paperto a photocellpickup.Variationsintotalilluminationreaching
thephotocel.lproducedanelectricalsignalthatwasanalyzedbythe
PanorsmicSonicAnalyzer.IYequencycalibrationsanddrum-speedfactors
werethenappliedto obtainquantitativeresults.

PRESENTATIONOFRXSULTS

NoiseFromRocketA

Sixrocketsof typeA werefiredandsuccessivefiringsweremoni-
toredbya portablesound-levelmeterata fixedpositioninorderthat
possiblevariationsinnoiseamongtherocketsmightbe takeninto
account.Theoverallsoundlevelsobtainedfromthismonitorsystem
indicatedveryconsistentoperationamongthevariousrockets;the
maximumdifferencewas2.5decibels,andforfiveoutofthesixrockets
firedthescatterwaswithin0.5decibel.

As indicatedintableI presentedpreviouslyinthesectionentitled
“Configurationstested,”theserocketsoperateatan exitpressurewhich
ishigherthanatmosphericendhenceareunderexpanded.

Angulardistributionofoverallpressure.-Thespatialdistributions
ofpressuremagnitudeinthefrequencyrangesO to40 cpsand20to
20,000cpsaregivenby thepolarplotsoffigure3, obtainedat a
distanceof 50feet,whichcorrespondsto approximately370exitdismeters,
fromthenozzle.Thecurveoffigure3(a),forthefrequencyrangeO to
40 CPS,indicatesthatthenoiseis stronglydirectional,withtheangle
ofmaximumpressureat about30°offtheflowaxis. Thedistribution
curveforthefrequencyrange20to 20,000cps,infigure3(b),likewise
indicatesstrongdirectivi~,butwiththeangleofmaximumpressureat
a largervalue(450).

Noisespectra.-SamplespectrumenvelopesofthenoisefromrocketA
aregiveninfigure4. TheseenvelopeswereobtainedfrmnthePanoramic
SonicAnalyzerrecordsandhavebeenadjustedto a unitbandwidthbythe
procedurediscussedintheappendix.Thespectrasreofrsmdomchixracter,
similar to thoseobservedinreference6, andindicatea peakfrequency
thatvariesfromabout150to 300CPSas the azimuthmgle changesfrom
15°to I-65°. Withtheexceptionofthespectrumat45°, this shifting
ofthepeakfrequencyiscontinuousandinqualitativeagreementwith
resultsfromsubsonicjet-noisetests.
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NoiseFranRocketsB andC .

RocketB.- DataonrocketB wereobtainedfroma singlefiringand
thereforearelimitedtoonlytwostations:90°~d 3 feet (15diameters) .
and26°and15feet(~ diameters).Thesedistancesareobservedtobe
appreciablysmallerthanthoseusedforrocketA and,hence,thetwosets
ofdatamaynotbe directlycomparabk.Itshouldbe notedalsothatthe
presenceofthetest-cellwalls,as showninfigure1,mayhavesome
effectonthesemeasurements.Thiseffectisprobablysmall,however,
becauseofthehighlydirectionalradiationpatternofrocketnoise.(See
fig.3.)

Figure5 illustratesthespectraobtainedwithrocketB. Likethose
ofrocketA, thesespectrahavebeenadjustedtoa unit-band-widthbasis
forpresentation.A singledatapointfromthelow-frequencysystemis
usedforthefrequencyrangebelow40 cps. Infigure5,pressurelevels
at 900havebeenadJustedby theinverse-square-lawrelationshipto
correspondtoa distanceof 15feetforcomparisonwiththedataat
~= 26o. Atbothazimuthangles,thespectraaresomewhatbroaderand
flatterthanthoseoffigure4 forrocketA; nevertheless,theyhavea
fairlywelldefinedpeak. At26othepeakisat about850cpsandat
goothepeakisat about1,500cps. Thesefrequenciesareobservedto
be morethanfivetimesashighasthoseofrocketA at comparableangles
eventhoughrocketB hasthelargerexitdiameter.

RocketC.-DatafromrocketC werealsoobtainedfroma single
fir~vecause ofthepresenceofdeflectedcontrolvanesinthe
flowatthenozzleexit,are,notnecessarilyrepresentative.However,
thesedataareincludedhereto giveat leastan indicationofthe
orderofmagnitudeforthistypeofrocket.

Figure6 givestheformofthespectraandtheoveralllevelsob-
tainedat--anglesof30°and600,ata distanceof15feet.At 600the
spectrumiss-what similartothoseoftheothertworddsj that is$
it hasa clearlydefinedpeakwhich,inthiscase,occursatabout
1,000 Cps. Thelow-frequencyanalysis,by themethodpreviouslydis- ‘“”
cussed,indicatesthatbelow40 cpsthespectrumlevelliesatmuchlower
valuesanddm?snotchangemuchbetween1 and30 cps. Thespectrumfor
the30°azimuth, ontheotherhand,indicatesthatherethecomponents
below100cpsaregreatest,sincethespectrumenvelopecontinuesto rise
withdecreasingfrequency.Unfortunakly,theluw-frequencynoise-
measuringsystemdidnotyieldreliabledataatthisazimuthangle.
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DISCUSSIONOFRESULTS

Althoughthemeasurementsr&portedhereinarenotcompleteenough
toallowanydetailedconclusionsto%e drawn,comparisonofthedata
withthefairlywellestablishedcharacteristicsof subsonicjetnoise
(refs.1 to4) seemsinorder.Ingeneral,thefrequencyspectraof
alltherocketstestedsresimilartothoseof subsonicjetsinthat
theyarerandomandhavean envelopewitha singlepeakinthelower
partoftheaudiblerange.Thispeakvarieswithazimuthangleinmuch
thesamemamnerasforsubsonicjets;that is,ittendsto occurat
higherfrequenciesasazimuthangleis increased.

Thedirectivitycharacteristicsofrocketnoise,as indicatedfor
rocketAby figure3, seemtobe consistentwithsubsonicjet-noise
characteristics.lhboth,them@num radiationisat anacuteangle
offthejetaxisdownstreamofthenozzle.Theangleissomewhat
largerforrocketnoise,45°as comparedwithabout3@ fora turbojet,
butthisdifferenceisprobablytobe expectedbecauseofthemuch
highervelocityandspeedof soundintherocketexhaust.Reference4
indicatedthattheanglewasdependentuponthosetwoparameters.The
tendencyforthelow-frequencylobetohaveitsmaximumat a smal.2er
ugle thanthehigh-frequencylobeisalsoconsistentwithsubsonic
jet-noisedata,whichindicatedthatthelowerthefrequencyband
consideredthemorecloselythelobeorienteditselfto thejetaxis.

Thepressurelevelofnoiseata givenazimuthanglefroma subsonic
jetincreaseswithapproximatelythe4thpowerof Jetvelocityandis
essentiallyindependentofnozzlediameterifmeasurementsaremadeat
a givennmnberofdismetersaway. Thenatureofthepresentrocket-noise
investigationwasnotsuchastoaffordanyevidenceas towhetherornot
thisrelationholdsforrocketnoise.However,as showninfigure16 of
reference7,rocket-noisepressurelevels,despitetheirhighintensity>
aresome15dec-ibelsiowerthan”extrapolationby the4th-powerlawof
subsonicJet-noisedatato rocketvelocitieswouldindicate.Theacous-
ticefficiencyiscorrespondinglylowertoo. Fromintegrationofthe
~r distributionpatte~of ove~l-lpressme,rocketA wasfoundto
be 1/4percentefficient;whereas,a subsonicturbojethasbeenshown
(ref.6)tobe about1 percentefficientunderfull-loadconditions.
Thesedifferencesmaybe evidenceofthesignificsmceofturbulencelevel
involvedin jetmixingsince,asdiscussedin references9 and10,the
inherentlygreaterstabilityandsmallerspreadingangleofa supersonic
jetimplythatthisjetislessturbulentthana subsonicjet.
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discussedinthesectionentitled“ApparatusandWthods,”the
.

ofpropellantconfiguration,theunderexpsnsionoroverexpansion
oftheflow,amdthechamber-pressurefluctuationsaredifficultto assess. -
Theseappeartobe factorswhichwillrequiredetailedstudyundercon-
trolledconditionsforevaluation~ftheireff’ects.

CONCLUDINGREMARKS

Althoughspecificconclusionsregardingrocketnoisearedifficult
todrawfromtheratherlimitedmeasurementsreportedherein,certain
characteristicsareapparent.Eachofthethreerocketstestedproduced - –
spectrasomewhatsimilarto thoseof subsonicJets,thatis,randomand
withanenvelopewhichpeaksinthelowerpartoftheaudiblerange.‘Ihe
directionalcharacteristicsappeartobe aboutthesameaswereobserved
withsubsonicjetsalso,sincethemaximumpressureoccursatanglesof
300to45°offthejets.xisdownstreamofthenozzle.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

IangleyField,Vs.,September2, 1954.
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PROCEDUREFORADJUSTING

OBTAINEDWITH

APPENDIX

TO UNITBANDWIDTHTHENOISESPECTRA

A PANORAMICSONICANALYZER

ThePanoramicSonicAnalyzerusedforspectrumanalysisin the
presentinvestigationrequiresa correctiontoitsindicatedspectrum
ifthespectrumlevelindecibelspercycleisdesired.Theneedfor
a correctionarisesfromthefactthatthebandwidthoftheinstrument
isnotconstantbutincreaseswithfrequency.An instrumentofthis
typetendstoaccentuatethehigherfrequencycomponentsbecausethe
root-mean-squarevalue~ ofa bandoffrequencycomponentsispro-
portionaltothesquarerootofbandwidth B as follows:

pB =
F
BPf2 (1)

●

where pf istheunit-cyclevalue.Forexample,figure7 illustrates
thePanorsmicSonicAnalyzerresponsetoan impressedwhite-noisesignal

. inwhichthemeansmplitudeisessentiallyconstantfrom20 cpsto
20,000Cps. Thedistortionof thespectrumaspresentedby theinstru-
mentisevident.

A correctioncurveforconvertingtheindicatedspectrumtothe
truespectrumindecibelspercyclecanbe obtainedfromfigure7,
however,ifa measurementof thebandwidthat somegivenfrequencyis
available.Figure8 showsthemeasuredbandwidthat lCX)CPS. IYom
thiscurvea nominalbsadwidth(betweenhalf-power
foundtobe 53.5cps. Thus,fromequation(1),the
at 100cpsis

PBPf= = (o.136)~

frequencies)is
spectrumlevelpf

f 53=5

‘l%isfactorof0.136betweentheunit-band-widthmlue pf ~d the
indicatedvalue~ correspondstoa -17.2-decibelcorrectiontobe
appliedto ~.

Althoughthissameprocedurecouldbe carriedoutatvariousfre-
quenciesthroughouttherangeto obtaina correctioncurve,itisnot
necessarybecausefigure7 alreadygivesalltheinformationnecessary
todeterminethecorrectionatanygivenfrequencyrelativetothatat
100Cps. Thus,addingto 17.2decibelsthedifferenceinmeandeflec-
tions(asmeasuredinfig.7)between100cpsandanygivenfrequency
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givestheoverallcorrectioncurvefortie””instrument.“Y@ure9 gives
.

thiscurve,whichwasusedtoobtainallthespectrumlevelsgivenin
thepresentpaper. ,

As a checkagainstthismethod,oneoftherocket-noiserecordswas
analyzedby anothermeansandtheresultswerecomparedwiththeresults
obtainedwiththePanoramicSonic”Analyzer.““Figure10givesthat
comparison.Thesolid-linecurveat thetopof thefigureisthespectrum
envelopeas indicatedby thePanoramicSonicAnalyzer(uncorrected).The
correctedPanoramicenvelopeisgivenby thelong-dashedcurveat the
bottomof thefigure.A slightshiftingofthespectrumpeakisseento

—

occurinthecorrectionprocess.Theshort-dashedcurveisthespectrum
levelas obtainedfroma 30-cpsconstant-band-widthanalyzer(corrected
tounitbandwidth);thismethodofanalyzingtherecordsshouldyield
an envelopewhichmostnearlyapproximates“thetruespectrumandthe
correctedPanoramicenvelopeisseentobe ingeneralagreementwithit.

—

SomeofthesharpnessofthepeakislostintheanalysisofthePanoramic
SonicAnalyzerandthespectrumlevelisgenerallya fewdecibelslower,“--

—

butforthepurposesofthepresentpaperthecorrectedanalysisis
—

consideredtobe sufficientlyaccurate.
.-

.
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Figurel.-Coordinatesystemandschemticdiagramofteststandsfor
rocket-noisetests.
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